Introduction
My interest in the construction and costs of telescopes began with the design and construction of the building for the 48 inch Schmidt Telescope (on behalf of the Science Research Council of the United Kingdom) and was stimulated by a visit to Mt Palomar and Kitt Peak Observatories. With regard to costs I would like to quote Meinel (1969) .
Quite often, the most compelling factor in the basic choice of telescope design is that of cost. One of the major cost items in the construction of an observatory is the dome and building. Since the cost increases close to the 2.7th power of the diameter, and the diameter is linearly proportional to the f-ratio, it is clear why compact f2.5 to f3 telescopes are now popular. The cost of the dome for the two most recent telescopes ; in Australia was $300,000 for the 48 inch Schmidt and $1,800,000 for the 150 inch Anglo-Australian Project. These costs substantiate the recent investigation for the UK Northern Hemisphere Observatory that the cost of the dome varies as slightly less than the square (J. Pope, private communication) of the diameter rather than the 2.7th power as quoted by Meinel. The dome is not only costly in itself, but its shape, size and weight also affect the shape and cost of the supporting building. The basic reason for a dome is to protect the instrument from the weather and wind buffeting. Another important reason is to act as a shield and so reduce the effect, on observers, of sky brightness when observing faint objects.
As a dome on large telescopes is an expensive item an examination was made of proposals, including hybrids, by various astronomers. The equatorial alt-azimuth put forward by Meinel (1965) is one means but it is considered that this configuration has several disadvantages.
The result of this examination was the inverted alt-alt configuration which sweeps through a plane above the telescope rather than the usual hemisphere.
Before describing this configuration let me emphasize that it is only a concept and a feasibility study is needed before it could be considered even as a next generation instrument.
Description of Inverted Alt-Alt Mounting
The alt-alt mounting proposed by Mayall and Vasilevskis (1960) is well known and is shown in Figure 1A where it is compared schematically with the inverted configuration Figure IB .
The next stage of the development was to support the telescope tube at both ends.
Cross sections through a hypothetical instrument on both the East-West and North-South axes are shown in Figures 2 and 3 respectively. Looking at both drawings an explanation of the various elements is as follows: A-B is the horizontal trunnion axis about which a space frame rotates. C is the centre of rotation of the whole telescope structure. D represents two parallel machined surfaces, semicircular in plan, which, through hydrostatic bearings, support the mirror cell of the telescope tube. E represents vertical walls with semicircular tops on which spur gears are mounted for the main drives to rotate the spaceframe about the trunnion axis. F represents two piers to support the trunnion axis bearings. X marks the limits to which the sliding roof moves. Let me now briefly»discuss some of the aspects of the concept.
Telescope Tube and Main Structure The first implication of the concept is that the system is unbalanced but the dome can be replaced by a flat roof. larger than first envisaged but a rolling or sliding roof is much cheaper to construct than a dome. The prime considerations in the design of the telescope tube are to maintain collimation and the focal length. By supporting the tube, both top and bottom, flexure is reduced to that which results from the weight of the tube structure itself. No problem is seen in monitoring the tube length using an invar wire or a cervit rod which would, of course, be a part of any future feasibility study into the whole structure. In all telescope construction, rigidity is more important than strength. It is envisaged that the physical relationship between the trunnion axis and the horseshoes will be maintained by a space frame on each side. In addition deflections could be monitored optically and fed into the computer program controlling the drive system as a correction.
Drive Systems
The two major drive systems located as shown in Figures 2 and 3, would be the centre of any future feasibility studies. There is no doubt that the loads are massive in comparison with present systems.
However, it is considered that no additional knowledge is required, beyond today's technology, to solve this engineering problem. First thoughts indicate a coarse-fine drive system which would be basically electro-hydraulic primarily because of the large torque available at zero speed in hydraulic motors. To substantiate this statement, hydraulic motors producing a torque of 90,000 lb. ft. at 0.1 r.p.m., are readily available at reasonable costs. Both coarse drives are thought to be spur gears located on the outside of the horseshoes and on the upper surface of two semicircular topped walls within the building.
Two advantages can be seen in the drive systems. Firstly backlash in the gears is only present when the instrument is passing through the meridian and the zenith. Secondly because of the larger diameters involved, the order of accuracy in cutting the gears is reduced for a given pointing accuracy. The recent development of encoders and control systems will compensate to some extent for any minor inaccuracies in drive systems whose basic requirement will be a smooth drive. Section E-W axis.
Optical Aspects
It has been said that opticians would prefer an f5 to an f3 for reasons of figuring of the mirror. This configuration could offer more possibility of using instrumentation over the range from f5 to flO within the framework of telescope itself. This field would be an important item in the feasibility study and is outside my field as a civil engineer.
Foci
Provided that allowance is made for the weight involved in the design stages, this configuration can give the astronomer the following foci: 4 Newtonian, 1 Cassegrain. According to Hoyle (1962) one of the basic reasons why the Newtonian focus fell into disfavour was its inaccessibility. Easy access can be provided, in this concept, to the Newtonian foci through the spaceframe. In fact instrumentation can be left fixed to the four Newtonian and the Cassegrain foci and a quick changeover effected by switching the secondary mirror system.
Owing to the fact that this concept is already unbalanced, the weight of instrumentation is of lesser significance. It would not be necessary to rebalance the telescope tube, as is the case in a traditional instrument, when instruments of different weight are changed at any of the foci.
The provision of a Coude* focus, which would depend entirely on optical considerations, may be difficult in large instruments and therefore I have omitted considerations of it. However, a medium instrument can be specially designed for Coude* by passing the light beam through one of the trunnion axis bearings.
The problem of sky brightness could be overcome by enclosing two of the Newtonian foci where observers could be shielded from background light.
Ancillary Equipment
The ease of handling and storing ancillary equipment is quite often overlooked and more importantly restricted by the space within the dome.
Because, in effect, the telescope is a pendulum more space is available at the 'observer's floor' level. As a result the aluminising plant can be located on this floor and so the mirror hoist which is an expensive item of plant is avoided. The primary mirror would be lowered on its trolley and moved straight across the floor to the plant thus avoiding lifting the mirror by a crane. Similarly various cages for the Cassegrain focus could be easily stored without the use of cranes.
Building Design and Erection
As the dome has been replaced by a sliding roof the latter becomes part of the building. A preliminary estimate of the cost of the roof is $600,000 as compared with $1,800,000 for the dome of the 150 inch Anglo-Australian telescope and the saving in weight is about 450 tons. The reduction in weight of the protective structure also results in lower building costs but more importantly there is less constraint on the design of the building itself. The external envelope would be either square or rectangular which means that space can be more efficiently subdivided. It is a very expensive building exercise to have benches, stainless steel sinks and other fittings designed and built to fit circular walls.
Time of construction will be reduced and phasing of the various trades will be simplified because the roof is a normal building operation when compared with the specialist activity required in the fabrication and erection of the dome. The saving in time would also reduce construction costs.
It would be an easy matter to cool the roof which covers an inverted alt-alt instrument and so give astronomers a better thermal building. Such a facility should also enable the instrument to be used for some daytime observations without unduly damaging its capability of night time seeing.
As an Equatorial Mounting
As a non-astronomer it was interesting to me to note that an alt-azimuth is equatorial at both the North and South poles and the alt-alt an equatorial at the equator. The inverted alt-alt, subject once again to the feasibility study, could become a modified English yoke configuration with its inherent limitation on sky coverage.
Disadvantages and Advantages
The disadvantages seen for the inverted alt-alt mount are: (i) it does not look like a telescope; (ii) limited sky coverage for medium to large instruments -say 70° from the zenith; (iii) some astronomers would be apprehensive about having oil bearings above the primary mirror but good design should cope with this aspect; (iv) the Cassegrain focus moves through a greater area particularly in a medium-sized instrument thus affecting accessibility; (v)* acceptance of a computer controlled drive system is required; (vi)* acceptance of plate rotation is also a necessity.
On the other hand the following advantages, not in order of priority, are seen for the concept:
substantial reduction in capital costs by eliminating the dome. Annual running expenses are consequently lowered; (ii) the envelope of the building associated with the instrument is less constraining and therefore the interior can be more efficiently subdivided. Cost of the building is also reduced; (iii) flexural problems are seen to be less than in traditional telescopes; (iv) greater weight of instrumentation is possible at the various foci. In fact a weight of 7-8 tons could be accommodated particularly at the Cassegrain focus without upsetting the instrument; (v) quick changeover of instrumentation if atmosphere conditions change; (vi) backlash in gears is only present at the meridian or zenith; (vii) more than one fast optical focus available; (viii)* as in the case of the alt-azimuth and alt-alt configurations, one design suitable for all latitudes; (ix)* there is no dead spot at the zenith which occurs in the alt-azimuth system; (x)* drive rates are more uniform than in the alt-azimuth configuration particularly near the zenith. * Not applicable if this mounting was used as an equatorial.
Feasibility Study
Let me emphasize again that a study is needed to prove or disprove this concept. The main steps in any such study are seen to be: Optical -To ensure that the astronomers can get the focal length and f-ratio that they require. Drive -The drives would be of major importance Systems due to the unbalanced nature of the system. Structural -To determine whether deflections can be Analysis controlled within acceptable limits. Building and -Elemental cost analysis of the building Instrument and instrument. Aerodynamic -To ensure that turbulence is kept to a Study minimum and so avoid any deterioration of local seeing conditions. Hopefully this study would be followed by a small to medium sized model.
Conclusion
It is accepted that the construction over the past 30 years of telescopes (between 150-200 inch diameter) has been guided by the Hale telescope and that these instruments are performing very satisfactorily.
Two main advantages can be seen for this concept. Firstly, based on preliminary estimates, the reduction in cost for a 150 inch telescope could be of the order of $ IM after making some allowance for increased design costs. Secondly, five sets of instrumentation could be fixed to the telescope at one time and so facilitate quick changeover.
There may be some commercial or defence applications for this type of mounting as well as laser rangers and specialist instruments in arctic regions and possibly high wind areas. Questions asked by Professor Gascoigne and Mr J. G. Bolton raised the possibility of an extension of the idea to an inverted alt-azimuth configuration as shown in Figure 4 . At this stage it is considered that the configuration would offer advantages and be cheaper for a large telescope. A future paper will be written on the subject.
